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\BSTR\CT 


The  \  U  Auditoiy  Test  Xo  4  is  composed  of  two  list*  of  50  CNC  monosyllab  c 
\sor<N  eath  that  cuiifurm  to  the  phonemic  balance  a<l%ocated  by  Lehiste  Peterson 
The  lists  vvere  Riven  twice  to  three  differen*  croups  of  1C  sub^ts — those  with  normal 
hearing,  those  with  conductive  losses,  and  those  with  sensonneu'-ai  losses  Dunne 
each  test  six  presentation  levels  of  aseendinc  ."tensities  were  used,  the  t-*-.!  ranee 
beine  from  —4  db  to  4-40  db  sensation  level 

The  thuc  tvp-s  <>f  subjects  svidenccd  aiiiculation  functions  of  the  same  shape, 
but  the  functions  for  sensorinouraN  were  of  Rentier  slope  than  for  the  other  two 
eroups  The  discrimination  scores  for  >ist  I  were  slichtly  higher  than  for  list  II 
Dunne  the  retest,  the  discrimination  scores  improved  sli^htlv  Scores,  between  lists 
as.  well  as  those  from  test  to  retest  showed  relatively  hieh  positive  correlation 
Therefurc.  the  >  U  Auditory  Test  No  4  seems  *o  be  a  valuable  tool  for  the  mcasure- 
ment  of  phonemic  discriminition 


This  techi  ical  documentary  report  has  been  reviewed  aiid  is  approved 


Colonel.  USAF,  MSC 
Chief,  Operations  Division 


&  IlST  f08  SPEECH  OISCPIMIHAIIOX  COMPOSED  OF  CMC  MONOSYIUBIC  WOllDS 
(N.U.  Auditory  Test  No.  4) 


l.  HISTOUK'AL  llACKGUOl^NI) 

The  technic  of  mcaNunnsr  df^trimiiwtion  for 
monosvllabic  word-?  h.iN  found  m.in\  applica¬ 
tion-?  m  audioloK\.  l>oth  m  re-?e.uch  .»tid  in 
clinical  practice  The  pioneei  effort-'  of  Flet¬ 
cher  and  his  a'sodate-?  at  the  Bell  Tc5cnho"0 
I-iboratones  e^t.ihh•'hed  the  piecedents  .»nd 
hunched  the  conceptN  which  {ler'ist  toda\  (9. 
10;.  hut  it  wa^  the  ecolutum  of  the  PB-%0  li'-t-? 
at  the  INvcho-AcoU'tic  L,ibo*-ator\  m  the  early 
I940’'?i  w  hich  w.c-?  the  direct  itniielu-?  to  develop- 
..  ent  of  pie>ent-da\  piocediiie-'  in  this  ph.ise 
of -cpeech  audionietiy  (i)  The -cpeci.il  features 
of  the  PB-oO  lists  are  th.it  they  comprise  20 
matched  and  nonduplicatinj,'  compilations  of 
50  words  each,  that  the  20  lists  are  reUticely 
eciuicalent  to  one  .inothei.  th.it  a  measure  of 
discriminatory  efficiency  c.in  be  obtained  with 
a  single  list,  and  that  e.ich  secjuence  of  ')0  words 
approximates  the  phonetic  bahince  of  English 

These  features  appe.iled  to  climcums  in  the 
military  prosrrams  for  .lural  »eh.ibilitation 
w  hich  w  ere  acti\  e  duriiiy'  Woi  Id  War  11  There- 
foie,  the  PB-50  Psts  weie  qiiicklv  .idopted  in 
the  militaiy  proitr.ims  as  a  tool  foi  as-'Cssins 
hearing  impairment  .md  tor  selection  of  he.u- 
iiia;  aids  (2)  The  tuubtions  foi  the'C  clinic.il 
applications  e\ol\ed  in  part  from  exiieueme 
with  laiyre  populations  of  hard  of-be.irinK 
servicemen  (1)  Howecer,  solidituation  ol 
(iinK.'l  piaclue  took  coKni7ame  of  the  think- 
iTiK  0^  leseaic’h  stioups,  esjieciallv  of  tho'.e  at 
the  Psvcho-Acoustic  Uboratoiv  and  .it  the 
Centril  Institute  .or  the  Deaf  A  notevcorthv 
example  ol  the  beJ.efil*-  icsultioK  fioni  this 
eail\  inteiaction  lietweeii  cliniii.ins  .ind  theo¬ 
rists  IS  the  coiuept  of  the  Index  for  Soci.il  Ade¬ 


quacy  which  was.  proposed  in  1946  by  Walsh 
.ind  Sil\erm.m  <20>  and  was  elaborated  bv 
D.xms  in  1948  M) 

The  interceninK  ceais  h.i\c  InoiiKht  Ihite 
m.ijoi  developments  in  this  ph.ise  of  testiiiR  for 
speech  inlelliKibilitc 

First  me.isuiemeiit  of  discnnini.tL»on  for 
specen  has  Income  lecojtni/ed  a'  a  b....c  diag¬ 
nostic  technic,  and  test  m.iterials  hac^*  been 
<le\elo|)ed  in  main  l.in^'uajres  Clinicians  h.ne 
applied  these  mateii.ils  to  such  dneise  tasss  as 
differenti.itiii}'  oetween  conductne  and  sensori- 
neural  nnp.uiments  (2<'>  detcrmimne  a 
p.ilient's 'Uitabilitx  lor  oiyiyjr’c  uijrcii.  diair- 
nosinjr  <' N  Ic-'um-  in  the  auditor\  s\stem 
(M).  ev.iliiatintr  piactic.il  communicative  im- 
p.iirment  (1).  and  as^ipum;  medicoleital  rat- 
iiwrs  of  dis.ibilit\  111  he.iimjr  (19) 

Second,  me.isuiemcnt  ol  disiiimination 
for  spec-c-h  has  bec..me  a  piocvd'’*-o  ii'i-d  com- 
monh  in  le'C  irch  on  the  auditoi  \  functums  of 
iM.th  noinial  he.uers  .mil  per'ons  with  .luditoiv 
im|i.urnients  Some  of  this  rese.iich  has  souijlit 
to  ilefine  the  v.iri.ibles  undorlvinjr  the  uniki- 
st,iiidin>;  of  speech  Some  of  it  has  utilized 
me.isiiiemenl  of  sja-c'Ch  intcllijribilitv  to  c'lit.iin 
crite-ion  d.ita  oi  iMckjrnmnd  inform.ition  on 
rese.iich  suhiect"  with  whom  othei  ^icets  of 
h.-.miiir  lieh.nioi  were  the  piime  topics  ui.uDr 
'ciuliin  Ihese  two  uses  n.ave  biouunt  us  a 
.subst.mti.d  .iccumulation  of  knowlcd^'e  letrard- 
m;r  f.iclors  which  .iff^.'.t  piecision  in  peiccivniu 
moiio-v liable  words  .md  othei  types  of  speech 
material 

Third.  Ixith  clinical  and  ic-'O.irch  experience 
w.th  tho  original  lT5-'»n  woid  lists  revealed 
limitations  not  oupinailv  .‘pnreci.ited  Poi  ex¬ 
ample  thc'O  li'ts  imliule  enmi^n  uiil.imiliar 


WdiiK  to  alfect  the  performance  of  subjects 
vsith  restritted  \o:al)u!aries  UealiZcttiun  of 
such  limitations  triKKiircil  ellorts  to  improve 
both  the  m.iterials  themsel»'cs  and  the  methods 
l)V  which  thev  .ire  presented  One  outcome  has 
been  the  development  of  several  new  tests 
'I  hese  tes*-  *  "  into  two  catejrones  One  type 
consists  ol  I'ow  compilations  of  words  which 
m.untaiii  the  same  iiattern  of  phonetic  balance 
ised  in  the  oni’iiial  I'lbV'  lists  'Ihc 
test  devised  l)\  ll.iskiiis  (11)  is  one  evimple 
ol  this  .ippro.ich.  while  the  \V-2.J  test  reconled 
bv  liirsh  .ind  his  associates  {12}  is  its  best 
known  e\amtile  The  second  tV|)e  of  test  i*! 
one  which  emjilovs  new  p<ttterns  of  phonetic 
t'.daiice  b.tsed  on  .t  revistn!  criterion  ol  what 
th.il  b.d.ince  should  be  Ihe  two  noteworthy 
piodiicts  ot  this  appro.ich  are  the  rhvnie  test  b\ 
l•’alrballKs  (S)  and  the  Lehistcsl’eterson  (’NC 
lists  <1J,  l(>}  i5oih  these  sots  ol  materwls 
consist  of  nioiiosvlt.ibic  word  lists  emplovmK 
")0  items  as  the  basic  test  unit  In  this  resjiect 
th<‘\  jneserve  tne  p.itterii  found  in  the  oriKinal 
lists  and  their  successors 

At  present,  maiiv  research  wo/kers  and 
clinicians  aie  uncertain  .is  to  which  of  these 
v.irious  tests  to  choose  for  the  purpose  of 
sjieich  audionietrv  All  these  tests  have  three 
b.isit  features  in  common  inimely,  thev  employ 
.'>(1  words  pel  block  of  test  items,  thev  indiidt 
onlv  nionosvll.ibles,  and  thev  incor[)or.ite  some 
form  of  phonetic  or  phonemic  balance  The 
question  ol  choice  must  therefore  rest  on  their 
merits  .is  judKcd  from  theoretic  considerations 
or  .IS  revealed  bv  experience 

Some  clinicians  and  researchers  favor  the 
\V-22  lest  bec.iuse  so  much  clinical  exjienence 
has  been  accumiilateil  with  it  and  because  it 
has  been  subjected  to  substantial  analvsis  of 
v.trious  tvpes  (<),  7.  15,  17)  In  fact,  the  \V-2'2 
test  is  used  by  the  Veter.ins  Administration 
.iiiii  bv  the  majority  of  aiidiolotnc  clinics  m  the 
couiitrv  Other  workers  lUstrust  the  \V-22 
m.itcn.ds  bec.iuse  these  m.iteri.ils  have  provc'd 
relativelv  easv  for  most  listeners  and,  theri*- 
fore,  do  not  differentiate  sharplv  among  minor 
deficits  in  abilitv  in  phonemic  discnmination 
Moreover,  the  \V-22  test  is  available  only  on 


phonograph  discs,  and  the  commercial  qualitv 
of  these  discs  has  at  times  been  poor 

Some  critics  ol  the  \V-*22  test  have  adopted 
other  materials  for  purposes  of  measuring 
phonemn  discrimination  Some  have  turned 
to  the  Fairbanks  Rhyme  Test  Champions  of  the 
rhyme  te  t  feel  that  it  has  a  special  advantage 
because  it  is  very  s|K'cific  in  the  phonemic  dis¬ 
tinctions  it  *s.uIlre^  the  subject  to  make  The 
rhyme  test  has  several  limitations,  however, 
which  have  kept  it  from  being  widely  adopted 
These  disad/anLiges  are  that  it  on'y  probes  the 
discrimination  of  consonants,  that  its  test  items 
comprise  a  matrix  that  is  too  restricted,  that 
the  numlicr  of  alternative  versions  avail.ible  is 
not  large  (iiarticularlv  since  tne  test  cads  tor 
multiple  shoice  resjKmses),  and  that  the  rela¬ 
tionship  of  measures  with  the  rhvme  test  and 
With  I*I>-50  type  m.iterial  has  been  established 
v’lth  only  moderate  delimtiveness 

Persons  doubt  the  wisciom  of  using  the 
original  P15-50  lists,  the  \V-22  lists,  or  the  Fan- 
banks  Rhyme  Test  are  attracted  to  the  CNC 
monosyllabic  word  lists  which  Lehiste  and 
Peterson  develoncd  The  latter  list.s  have  three 
major  advantages  Fast,  careful  analysis  of 
phonetic,  phonemic,  and  linguistic  considera¬ 
tions  led  laihiste  and  Peterson  to  restrict  their 
test  items  to  monosyllabic  woids  of  the  CNC 
variety — i  e ,  W’ords  composed  of  an  initial  con¬ 
sonant,  a  vowel  nucleus,  and  a  final  consonant 
Second.  e4ich  hst  of  50  CNC  words  was  edited 
to  achieve  the  phonemic  balance  which  charac¬ 
terizes  the  corpus  of  1.2G5  monosyllabic  words 
from  which  the  CNC  lists  were  ilrawn,  rather 
than  the  phonemic  structure  of  English  a-,  a 
whole  Thus,  these  lists  have  increased  face 
vahditv  m  that  they  are  representative  of  the 
sjiecific  tyiie  of  materi.sl  from  which  the  test 
iiems  tnemselves  are  derived  In  the  third 
place,  Lehiste  and  Peterson  took  precautions  to 
assure  that  the  words  they  u^ed  were  a.s  famil¬ 
iar  as  was  practical  (14,  16)  In  view  of  these 
charactenstics,  the  Lehiste-Peterson  lists  stand 
as  materials  which  appear  to  have  high  poten¬ 
tial  as  measures  of  speech  intelligibility 

At  the  moment,  the  problem  facing  anvonc 
wishing  to  employ  the  Lehiste-Peterson  test  is 


l.itk  (>f  information  as  to  t^e  rehabiht\  and 
iiitoichanpeabilitj  of  the  ten  lists  which  ccm- 
pi  .se  tnc'e  materials  This  limitation  tx-comes 
particiilarh  restiictne  whei  their  use  .s  con¬ 
templated  in  i  rese„rch  project  that  re  jmres 
main  measuiemeiits  of  phonemic  discrimina¬ 
tion  under  tloseh  allioil  circumstances 

Tile  fuiepomp  limitation  was  the  impetus 
for  de\o’oprient  <if  NL  Auditoi\  Test  No  4 
A  ilu.iiion  (le\c!oped  wheie  the  lesearth  proup 
in  the  \iiditoi\  Reseaich  Laboiatoiv  .tl  Noith- 
weslein  Lnneisii\  needed  two  hiphlj,  equiva- 
leiu  foi  ms  of  a  test  of  iihonemn  distiimination 
The  decision  w.is  made  to  iise  a  test  of  the 
Lehiste-I’etcison  \aiiet'  T''oli  Is  could  have 
been  chosen  .irbitiaiih  foi  this  purpose  from 
imonp  the  ten  piiblislied  u\  Lehiste  and  Peter¬ 
son  Befoie  these  two  lists  could  have  been 
Used  insiphtfulh .  howewi.  it  would  have  been 
lecessaiv  to  subject  them  to  extensive  ex- 
peiinien‘.d  studv  for  the  purpose  of  defininp 
their  reliabilitv  and  interchanpeabihtv  Since 
j"ith  a  substantnd  t.isk  was  unavoidable,  it  was 
piactaal  to  develop  two  new  lists  and  then 
subject  these  to  the  aforementioned  analvsis 
The  lattei  couise  was  chosen  became  Lchiste 
and  Pctcison  had  found  it  necessarv  in  compos- 
inp  their  ton  lists  to  dev  lale  shphtiv  from  their 
oripinal  plan  for  phonemic  bal.mce  It  seemed 
better  to  start  an  investigation  of  leliability 
and  interchanpeabilitv  with  two  lists  which 
conformed  pieciselv  to  this  pattern  than  to 
woik  w’th  less  peifect  examples  of  it  The 
decision  W''s  theiefoie  made  to  ineiwre  two 
new  lists  and  to  desipnate  them  as  NU 
Auditor.v  Test  No  4 

The  discission  which  follows  repoits  on  the 
development  of  these  two  new  CNf  lists,  dc 
s.  iibes  the  piep.iiation  (on  magnetic  tape)  of 
six  alteiinite  foi  ms  of  each  list,  and  sum- 
m<4ri7:e<  espei imont.iiK  dci»v«?d  foils  as  to 
reli.abiiitv  and  othei  featiiies  of  the^e  new 
materials 

2.  NATI  KK  OF  N  11  AlUllTORY 
TEST  NO.  4 

Ihe  CN(’  word  lists 

As  alieadv  menlioneil,  the  two  parent  lists 
developed  in  »volvinp  N  U  /luditorj  Test  No  4 


were  made  to  conform  nporously  to  the 
phoneitiic  balance  advocated  by  Lehiste  and 
Peterson  They  obtained  this  pattern  of 
phonemic  balance  by  extiactinp  all  the  1,263 
monosvUables  in  the  coiisonant-vowel-conso- 
nanl  class  which  are  listed  b>  Thorndike  and 
Lorpe  (18)  as  occuinnp  at  least  once  per 
million  words  lehiste  and  Peterson  deter¬ 
mined  the  fiequency  of  occurrence  of  each 
initial,  medial,  and  final  phoneme  in  these 

1.263  monosylbbles  They  specifieo  that  each 
phoneme  should  occur  in  a  smple  list  of  50  con- 
sonant-vovvel-ionsonant  words  with  the  same 
incidence  as  it  exhibited  in  the  total  list  of 

1.263  words  They  then  proceeded  to  construct 
ten  lists  of  CNC  words  accordinp  to  this  plan 
These  lists  were  published  m  1959  (14)  The 
500  wonls  comprisinp  the  ten  lists  were  select¬ 
ed  from  *he  oripmal  pool  of  1.263  CNC 
monosy  llables 

The  first  step  m  developinp  CNC  lists  con- 
forminp  to  the  I^histe-Petcrson  pattern  was 
to  make  the  tabulation  which  appears  m 
table  I  This  table  shows  the  number  of  times 
each  phoneme  is  to  be  used  in  order  to  preserve, 
as  closelv  as  one  can  m  a  50-word  list,  the 
distribution  which  characterizes  the  1,26)  CN( 
words  that  Lehiste  an<l  Peterson  abstnuted 
from  the  Thormlike  and  Lorpe  compilation 

The  second  step  was  to  evolve  two  mutually 
exclusive  proups  of  50  woius  that  con¬ 
tained  exactly  the  distribution  of  phonemes  ap- 
pcarinp  in  table  I  These  two  new  proupinps 
of  words  aie  leiHuted  in  table  11  Thev  have 
been  desipn.ited  as  list  I  and  list  li  of  N  U 
Auilitoiy  Te't  No  4  Moicovci'.  all  but  f  ve 
of  the  100  wonls.  thus  assembled,  were  chn^en 
froti  the  500-woid  pool  compiisinp  the  onpinal 
ten  I^ehiste-Peteison  lists  The  lemaininp  five 
wonls  all  ippeai  in  the  larpei  pool  of  l,26.t 
words 

The  thin!  step  was  to  r  tndomize  each  of  the 
new  p.iient  lis’v  mx  times  Thi  landomizations 
which  vveie  thus  at  hand  were  subsequently 
lecoided  or.  mapnetic  tajie 

Tf..  .tl  n  *  S<  i.il.ir  thin  «VC  »»'  m.-  ti  l.>  ll,.— 

Mill  r-  t'l  -in-s  ll<  I  It  ih.  |S  r.li.  iltni.m.  iltnlifK^I  |.■■ 

v.niU  r.  -illil.u  nui  in  m.  n'«>ll*b'r'  ..r  Ih.  lyi* 
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TABLE  1 

The  propo'^tiout-  (p)  o/  tnctdcrces  of  phonemes  ukich  constitnte  the 
Lff>^stf-Pc(crson  patU’rn  of  phonemte  baUinet  fot  C-VC  tvotds  and  the 
number  (N)  of  tnclfsions  of  each  phoneme  requited  to  develop  a  single 
list  of  N  U  Auditory  Test  No  i 


\  ’""''r  to  ih.  inUk.r 

Befoie  dcMribiTij'  p>'(Ke<kire  employed  tions  of  wort’s,  in  each  test  which  fall  nto  each 
in  lecordirK  N I  Auditorj  Te^t  No  4,  a  of  seven  classes  ol  iamiliarity  It  is  im- 

fuilher  comment  must  be  made  reg.udinjf  the  mediatelv  appaient  from  the  taule  that  the 

composition  of  the  two  bsts  When  thej  were  relative  distribution  of  test  words  among  these 

being  composed,  no  special  effort  was  made  to  cL*sses  is  about  the  s.tme  for  the  two  N  U 

equate  them  to  one  anctner  or  to  tne  Lenisie-  hats  as  lor  the  aveiage  of  the  Lchiste-l’eterson 

Peterson  lists  m  terms  of  word  familiaritv  levision  It  is  fuithermoie  apjwrent  that  the.se 
This  Jatlor  was  not  originally  considered  by  several  lists  rot  onlv  include  a  Mzeable 

Lehis^e  aiul  Pe’eison  (14)  Since  they  have  fraction  ol  very  common  words,  but  also  en- 

subs.e(iuenth  r  y  sed  their  lists,  however,  to  comp<iss  a  wide  laiigc  of  familiarity 

eliminate  some  i^f  the  moie  unfamiliai  items 

in  their  original  compilation,  it  is  inteiesting  Recording  the  I'NC  lists 
to  note  how  N  L  Auditory  Test  N<*  4  con- 

foims  in  this,  legaid  to  the  revision  Table  III  The  apiwr.dus  and  piyceiiure*  employed  in 
allows  this  comj  arisen  by  reporting  .he  piopor-  maVnig  the  iwient  recording  of  each  list  ni 
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\h)hchettc<it  atKiuntnunt  of  CSC  mnno<nfIhbtc 
II  oxfs  ci>m)tn'»H(}  hyt\  /  and  II  of  X I 
AmhtortfTt^f  Xo  { 


I  )«t  I 

list  II 

III  an* 

met 

bile 

me  1 ce* 

lo'lt 

m»di* 

iKN.k* 

m  11 

*)urn 

moor 

1  >UKht 

niee'’ 

chilk 

n  ijr* 

i  tini 

numb 

<hoio<* 

WKC 

i  lifiii  ** 

pad' 

death* 

cliuf 

p  k<“ 

di'^o* 

puff- 

dali' 

door 

1  >(! 

dead" 

1  on 

fill* 

IP  d 

.U.p 

uad* 

fit* 

«  use* 

f  nth 

irap 

i<  uh 

fn 

lot 

CdOM  • 

-ell 

•ra/i 

viid 

ha'h* 

-S«i  t* 

c'in 

vKaI  k’ 

h<»nu’ 

vi/C 

tO'il 

shiw  I 

hull* 

-ob 

h  -U 

>wk 

jail 

'.UU 

hVt 

MMp 

la*- 

take 

iiU'^h 

tlioilirht 

th-d 

jti»e 

tl'ol 

Kiiijr 

tip 

kttp 

towel 

kite 

t.»uj:h 

tuin 

,  -  «k 

MIU 

k  in 

\oiee 

laud 

\c«(k 

llVl 

w  itr 

limb 

%%hKh 

buf 

Vll-lU 

lot 

whip 

h.ii 

w  >t(  n 

]<>>  e* 

CO 

mat(h 

\i)jn;r 

the  XU  Audjtorv  le^i  Xe  4  are  described  as 
follow  s 

A  toiiuensei  microphone  (Westt*Ji  Electric 
«540AA  Serial  No  1059)  w.is  mounted  m  free 
an  within  an  acoustie  booth  (Industiia! 
A*oustKS  rompa*i>.  Inc.  Mo<lel  1202;  with 
inside  diniensicns  of  5  >  b\  6  0  b\  6  5  feet 
The  mitroiihope  was  clectncalh  coupled  to  a 
cathode  follower  circuit  (Western  Electio- 
Atoustjcal  L.iboiatorv  Preamplifiei,  T\pe  E), 
whuh  in  tu;n  fed  a  condeiisei  microphone 
complement  (Western  Eiettro-Acoustic  I^iboia- 
toi\.  T\pe  lOOD  E)  The  output  of  the  con- 
den«-ei  miciophone  tomplemenl  was  ledthioujth 
a  sjwech  audionietei  ((Iiason-Sladlei,  Model 
162),  whose  oi'tpu’  fed  a  •'invde  channel  of  a 
two-tiacK  maKnetic  tape  recoidei  (Ampo\. 
Mcxlel  251-2) 

A  male  talKei,  21  \eais  of  a^e.  who  i"€s 
Ceneial  Ameiu.m  dialect,  was  chosen  to  speak 
the  test  m.iteiials  He  w.is  exnei ’creed  in  the 
monitoied  li\e-\oKe  technic  of  speech  audi- 
onietiv  In  addition,  he  was  jiicen  adequate 
pia'tice  with  the  XU  Aiiditoic  Test  Xo  4 

Lefoie  the  fm.il  lecoidiiijr  of  its  two  lists  w.i-. 
undeiUitO"  PuMiiK  th'’  lattei  letoidniK  he 


TABLE  III 


DififnItHtious  accnnhm)  to  /»<'/«•  rtr»;  ot  nttu/c  ot  th<  CVC  iiioikisiiUoIiU  \ 
in  Nl  Auditoni  Tesf  \o  1  and  in  fhi  Lihisft -P<tn  stni 


sjwke  into  the  640AA  mitroplione  at  an  in- 
suffitienl  to  cau-^c  a  defJedion  to 
-  J  db  on  the  VU  meter  of  the  speech  audi¬ 
ometer  Ihw  deflection  was  achieved  while 

<t  staiuhird  c.irnei  phra'e,  **Sa>  the  word _ 

was  bemjr  '.aid  The  le>t  item  lo!lowe<l  the 
cairier  phiase  naturall.v  as  p.irt  <»f  a  tontinuous 
utterance  without  an  attempt  to  monitor  the 
test  item  to  ant  particular  level  The  talkei 
piesep^C'l  ilen.s  at  intervals  of  five  setoi.ds 
All  assistant  helped  the  talker  to  niamtaiii  the 
proper  timing  b\  tapping  hini  uentlv  on  the 
back  everv  five  seconds  The  randomized 
sequence  of  each  list  desiKnalecl  as  form  A 
was  emploved  Both  lists  were  reioided  on 
the  vime  da\ .  on  the  s,»me  tai*e  retonler,  but 
on  separate  maitiietic  tajies  In  addition,  a 
1000  cps  Sinusoid  was  recordeil  ahead  of  eich 
list  as  a  c.ilibration  tone  The  level  of  this 
tone  w.is  adjuste<l  so  that  it,  too.  caiisetl  a 
deflection  to  -  db  on  the  VU  meter  of  the 
Gi-isoii-Stadler  unit  In  older  to  avoid  s.ituiat- 
in«  the  tiipe,  the*  recording  level  was  .idjiisted 
to  produce  a  de 'lection  of  -  20  db  on  the  VU 
nietoi  of  the  tape  recoider 

Kecordine  spondaic  words 

In  order  to  have  avaikible  material  b\  the 
>.•'"6  talker  which  could  be  used  to  establish 
speech  reception  tmesholds,  it  was  decided  to 
prepaie  two  ramloniiz.itions  of  'JO  spend iic 
words  The  two  senes  were  lecorded  with  the 
s.".nie  equipment  and  at  the  s.ime  level  re  a 
1000  cps  calibuition  tone  as  that  used  in  pre- 
paimK  the  mairnctK  tape  cairvinK  the  NU 
Aiuhtoiv  Test  No  4  The  time  iiiteival  be¬ 
tween  successwe  spondees  vvas  five  seconds  In 
this  instance,  however,  the  cairier  phrase  was 
omitteil  and  each  spondee  was  mon'tored  m- 
dividuallv  to  the  standardized  meter  readme 
of  -3  db 

Preparation  of  alternate  forms  of  lists 

The  recorded  veision  of  N  U  Auditory 
Test  No  4  was  .'issembled  in  five  additional 
forms,  or  randomi^.itions.  of  each  list  The  e 
were  desienated  as  Forms  B,  C,  D.  fiJ.  and  F 

The  Dioceduie  emploveil  was  very  simple 
Each  master  list  was  copied  si\  lime-'  Since 


the  oriKi’'cl  retordine  hail  used  the  word  order 
for  form  A.  one  copy  was  retained  without 
change  The  other  five  copies  were  reor^ranized 
into  the  remaining  five  oiders  of  word  scram- 
bhnK  The  first  step  in  pieparin^  another  forie 
vvas  to  separate  its  component  items  by  cuttmir 
the  mairnelic  tape  into  short  sejpnents,  beimr 
verv  careful  to  leave  4  *>  seconds  of  “silence” 
as  the  leader  to  each  item  The  list  vvas  then 
^eas^embled  in  the  new  order  bv  the  laborious 
process  of  splicini:  its  M  items  m  the  requisite 
succession  As  a  final  step,  the  companion 
forms  of  the  two  lists  phis  a  section  of  the 
1000  cps  lahbration  tone  were  spliced  tojrether 
The  lesuitanl  combination  of  two  lists  and  the 
c.ilibration  tone  constituted  a  finished  mairnclic 
tape  For  evamplc.  the  maitnelK  tape  carr.v- 
inK  lorm  B  consisted  of  the  c.ihbration  tone, 
list  I-B  and  list  II-B 

I  he  Sis  maKneiic  tapes  thus  assembled  weie 
the  specific  m.itenals  emplo'  c.l  in  the  analysis 
of  N  U  Auditory  Test  No  4,  wh-ch  is  descri'>eu 
iM  the  reniaiiiuer  ol  this  rei>oil 

3  .METHOD  OF  EVALUATION  OK  NU 
AIIDITOUY  TE.ST  NO.  4 

Adminislralioi  of  lists  at  selected 
presentation  levels 

The  ecpnvalence  l*etween  list  1  and  list  II, 
their  test-rctcst  reliabilities,  and  other  chaiac- 
teristics  of  NU  Auditory  Test  No  4  .vc’c 
evaluated  on  thiee  groups  of  subjects  These 
sub^ec’s  vieie  10  iiersons  yciih  normal  heannjr, 
16  with  conductive  impairments,  and  16  with 
sensorineural  !os>cs 

The  Iaisu  procedure  in  jrathennK  data  was 
to  sec  each  subject  twice  Durni};  each  of  these 
>essioMs.  botn  lists  were  administered  to  the 
subject  '*i\  times  Ikich  successive  presenta¬ 
tion  was  at  a  hiither  mtensitj  level,  but  both 
lists  were  administered  at  one  level  before  the 
transition  to  the  next  hiithor  one  The  pur¬ 
pose  in  this  stairstep  pnicedure  was  to  allow 
plottinjr  of  the  .irtic'jl.ition  function  for  each 
list  with  as  little  contamination  from  pr.ictice 
and  le.irnm;;  as*  jxis-Jilde  Tins  j:o,d  vv.»s 
achieved  bv  h.iviii^'  the  frt  presentation  .ii 
such  .1  low  level  that  onl.v  the  most  audible 


Items  weie  understandable  The  fact  that 
these  ^ords  had  been  received  correctly  on  the 
first  presentation  had  no  effect  on  the  next 
score  since  these  words  would  have  been  under¬ 
stood  at  the  higher  level,  irrespective  of  the 
earlier  successful  contact  with  them  Of 
course,  a  new  group  of  words  became  under¬ 
standable  at  this  higher  level  It  was  the 
additional  success  with  the^  latter  words 
which  was  responsible  for  improvement  in  the 
articulation  score  after  the  transition  from 
the  first  level  to  the  second  one  The  same 
principle,  now  true  for  a  second  group  of  new 
words,  operated  at  the  third  presentation  level, 
and  so  on 

This  procedure  did  not  eliminate  guessing 
when  a  subject  perceived  part  of  the  phonemes 
in  a  w’ord,  but  it  kept  him  from  being  alerted 
to  the  existence  of  specific  words  as  members 
of  the  lest  vocabulary. 

The  Sections  which  follow  describe  these 
^uUJects  and  procedures  more  fully,  and  then 
review  the  findings  which  emerged  from 
analysis  of  the  articulation  scores  thus  ob¬ 
tained 

Subjects 

Normal  hearing  subjects  were  procured 
from  the  student  population  at  Northw^tem 
University,  whereas  the  two  groups  of  heanng- 
impaired  subjects  were  drawn  from  persons 
who  had  been  seen  in  the  Nortnwestem  Uni¬ 
versity  Hearing  Clinics 

Thirteen  men  and  3  women  compnsed  the 
normal  hearing  group  Their  mean  age  was 
22  9  years  and  they  ranged  in  age  from  18 
to  31  >  ears  The  prime  requirement  for  selec¬ 
tion  was  that  the  subject  have  one  ear  which 
was  better  than  10  db  hearing  level  as  deter¬ 
mined  by  a  pure  tone  screen  over  the  125  to 
8000  cps  range. '  The  nontest  ear  was  not  held 
to  this  standard  smce  all  measurements  were 
to  be  made  monaurally 

Only  subjects  known  to  suffer  from  cl’"sca! 
otosclerosis  were  included  i*»  the  conductive 
loss  group  Preliminary  selection  in  terms  of 


degree  of  hearing  loss  was  made  from  clinical 
records,  but  suitability  was  confirmed  at  the 
time  the  .subject  came  in  for  his  first  experi¬ 
mental  session  At  this  pomt  his  pure  tone 
thresholds  were  established  for  both  air  and 
bone  conduction  His  speech  reception  thresh¬ 
old  (SRT)  was  also  measured  Only  subjects 
whose  SRT’s  were  at  a  hearing  level  between 
20  and  58  db  22  db  SPL)  w’ere  retained 
Moreover,  a  prospective  subject  was  rejected 
if  his  bone  conduction  lev^'l  in  the  250  to 
4000  cps  range  showed  a  maximum  loss  of 
25  db  at  two  frequencies  or  more  than  a  25  db 
loss  at  one  frequency  The  patient’s  unoperat¬ 
ed  ear  was  selected  when  such  a  choice  was 
necessary.  Finally,  the  subject  was  required 
to  be  at  least  18  but  not  more  than  50  years 
old  at  the  time  he  participated  in  the  study 
As  it  turned  out,  the  mean  age  for  the  group 
was  38  2  years  Seven  subjects  were  male 
and  9  were  female 

The  16  subjects  selected  for  the  sensori¬ 
neural  loss  group  were  persons  who  had  ex¬ 
perienced  progressive  hearing  loss  dunng 
adulthood  The>  were  all  drawn  from  the 
diagnostic  categories  of  sensorineural  loss  of 
unknown  origin,  familial  sensorineural  loss, 
and  early  p-esbycusis  These  types  were  select¬ 
ed  m  an  effort  to  avoid  subjects  with  special 
problems  in  discrimination  such  as  are  en¬ 
countered  in  Meniere’s  disease  and  Vlllth  nerve 
tumor  As  with  the  conductive  loss  group, 
final  decision  to  include  a  subject  with  sensori- 
roural  loss  was  based  on  his  audiometric  per¬ 
formance  at  the  time  of  his  appointment  for 
the  first  experimental  session  The  require¬ 
ments  were  that  his  air  and  bone  conduction 
audiograms  interweave,  that  his  better  ear 
serve  as  the  test  ear,  and  that  this  ear  exhibit 
a  speech  reception  threshold  at  a  hearing  level 
between  20  and  5S  db  re  22  db  SPL.  Elach 
subject  was  required  to  be  in  the  age  range  of 
25  through  50  years  The  mean  age  of  this 
group  was  42  9  >ear.s,  and  the  sex  distribution 
was  12  women  and  4  men 

Test  procedures 

Each  subject  participated  in  two  test  ses¬ 
sions  As  already  mentioned,  these  sessions 
were  identical  except  for  the  fact  that  pure 


tone  aud.ometry  v.hs  omitted  m  the  second 
session  and  that  the  presentation  level  for 
one  pair  of  the  CNC  lists  was  altered  as 
described  below 

The  sequence  durinK  the  initial  session 
bejian  for  normals  with  the  pure  tone  screening 
test  The  sequence  began  for  both  hearing 
loss  groups  with  the  establishment  of  pure  tone 
thiesholds  for  air  conduction  and  bone  con¬ 
duction  by  the  Hughson-'Yestlake  technic  A 
Maico  MA-2  audiometer  calibrated  to  conform 
to  the  NBS  norms  was  used  as  the  test  instru¬ 
ment  m  all  these  measures 

The  monaural  speech  reception  threshold 
was  next  measured  m  each  ear  The  subject 
was  famihanzcd  with  the  list  of  spondees  in 
advance  of  any  testing  with  them  This 
familiarization  was  accomplished  by  having 
him  repeat  the  spondees  as  these  were  read 
to  him  by  the  tester  m  a  face-to-face  situation 
Actual  determination  of  the  SRT  involved 
presenting  the  first  of  the  recorded  spondees 
at  a  scn.^tion  level  oi  approximately  10  db 
and  then  descending  in  2  db  steps  presenting 
four  words  at  each  step  until  the  lowest  level 
was  reached  at  which  either  two  out  of  the 
first  three  or  two  out  of  the  four  spondees 
were  understood  This  level  was  designated 
as  the  speech  recept.  i  thresho’d  The  mate¬ 
rials  used  were  the  two  recorded  lists  of 
spondees  mentioned  earlier  This  material  was 
reproduced  thiough  a  speech  audiometer 
(Grason-Stadler,  Model  162)  calibrated  to  con¬ 
form  to  the  AbA  norm  wherein  22  db  re 
0  0002  microbar  represents  “0”  db  hearing 
level  A  tape  recorder  (Arapex,  Model  601) 
delivered  the  test  material  to  the  external 
input  of  one  of  the  channels  of  the  speech 
audiometer  In  every  instance,  the  level  of 
the  1000  cps  calibration  tone  which  accom¬ 
panied  the  test  material  was  set  so  that  the 
VU  meter  of  the  speech  audiometer  registered 
0  db 

The  next  step  was  to  obtain  discrimination 
scores  with  the  12  scramblings  of  NU  Audi- 
toi^  Test  No  4  The  speech  inception  thresh¬ 
old  for  the  subject’s  test  ear  constituted  the 
base  of  reference  for  setting  all  sensation  levels 
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at  which  these  CNC  materials  were  adminis¬ 
tered  The  orders  in  which  the  two  parent 
lists  were  pieserteu  were  counterbalanced,  half 
the  subjects  starting  with  list  I  and  the  other 
half  with  list  11  Each  list  was  presented  at 
SIX  sensation  levels  namely,  0,  8,  16,  24,  32, 
and  40  db  both  lists  were  presented  at  one 
level  before  the  next  higher  level  was  entered 
Wiih-n  ‘his  framework  of  alternating  the  two 
lists  and  cumulating  the  presentation  level,  the 
various  forms  of  each  list  were  employed  in 
random  order  As  a  precaution  against  ob¬ 
taining  response  through  ihe  iiontest  ear,  60  db 
of  effective  masking  was  delivered  to  this  ear 
in  those  few  instances  m  which  the  presenta¬ 
tion  level  called  for  in  the  test  ear  exceeded 
the  SRT  m  the  nontest  ear  by  40  db  or  more 
As  alread>  explained,  the  plan  of  progressing 
from  a  low  sensation  level  (0  db  SL)  to  a  high 
one  (+40  db  SL)  was  chosen  to  minimize 
contamination  of  discrimination  scores  by  cor¬ 
rect  guesses  based  on  knowledge  of  t^e  tea* 
Items  The  »a*'onale  is  that  an  item  which  h 
heard  correctly  at  one  level  will  also  be  under¬ 
stood  at  higher  levels,  so  that  a  subject’s  score 
should  not  be  changed  at  one  level  by  the 
fact  that  he  had  alreadv  identified  some  of  the 
items  at  lower  levels  The  initial  session  ter¬ 
minated  when  the  twelfth  hat  bad  been  ad¬ 
ministered  at  the  -f40  db  sensat.on  level 

After  an  inteiwal  of  one  to  two  weeks,  the 
retest  session  wa->  undertaken  Here  the  first 
step  was  to  establish  monaural  SRT’s  anew 
The  same  ear  was  retained  as  the  test  ear, 
but  presentation  h-vels  for  CNC  materials  were 
established  in  terms  of  the  retest  SRT  for  this 
ear  Again,  the  tw’o  lists  were  presented  at 
one  level  before  the  next  level  was  employed, 
and  again,  the  pattern  of  progressive  increase 
was  used  This  time,  however,  the  first  pres¬ 
entation  was  at  —4  db  sensation  level,  and  the 
sequence  thereafter  was  0,  4-8,  -fl6,  -}-24,  and 
4-32  db  sensation  level.  Moreover,  each  sub¬ 
ject  received  the  lists  and  forms  in  exactly 
the  same  order  as  he  had  during  the  initial 
session  except  that  the  forms  originally  pre¬ 
sented  at  r40  db  sensation  level  were  now 
given  at  —4  db  sensation  level-  Finally,  the 

-nw  -«  db  l»v*I  w*»  tulxlituicd  or.  th«  r»t»t  bK->«»- 

»»  l»t*r  wrrr  to  do  w»l'  *1  «>»  -I-IO  db 

tb*l  It  »«i  n.t  jrwidinf  d«l>  oi  imlrw 
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s<tnie  rule  \v4s  followed  for  using  masking  to 
a\oid  hearing  in  the  nontest  ear  The  retest 
terminated  when  both  li'<ts  had  been  presented 
at  f32  db  sensation  le\el 

Articulation  functions  for  norma) 
hearing  subjects 

Table  IV  summarizes  the  data  obtained 
with  normal  hearing  subjects  during  the  initipl 
test  session,  while  table  V  reports  tne  com¬ 
panion  information  for  the  retest  session 
These  tables  report  medians,  means,  and 
average  de\idtions  of  discnT^’^ation  scores 
separately  for  each  list  at  each  presentation 


level  The  four  ariicuiation  functions  that  can 
be  derived  from  these  two  tables  ate  illustrated 
in  figure  1,  where  the  funct.ons  are  plotted 
from  the  means  of  scores  obtained  for  each 
list  during  each  experimental  session 

Figure  1  reveaU  that  the  two  lists  yielded 
essentially  the  same  slope  of  articula'ion  func¬ 
tion  during  the  initial  session  and  the  retest 
run  These  curves  are  displaced  from  one 
another  slightly  on  the  horizontal  scale,  but 
their  parallelism  is  unusually  good  They  fit 
the  same  configurational  pattern  with  defini- 
tiveness.  thus  giving  one  confidence  that  they 
are  valid  descriptions  of  the  way  performance 


Duicnnixnation  scores  obtained  vnth  N  U  Avdiiory  Test  No  h  for  subjects 
uith  normal  hearing  during  the  first  test  session  (scores  represent 
percent  of  items  correctly  repeated) 


Discnmination  scores  obtained  with  N.  U  Auditory  Test  No  4  for  subjects 
with  normal  hearing  during  retest  session  (scores  represent  percent  of 
items  correctiff  lepeaied) 
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FIGURE  1 

.Vrar>  nrticulation  fiinefions  ytcldtd  by  normal-ktor- 
i"(f  gxi-ip  fot  t  and  II  dnutm  bulk  tfst  and  tcteat 

xttBion* 

b>  normals  on  N  U  Auditory  Test  No  4  is 
related  to  presentation  level 

The  Oi  tstandin{»  feature  of  this  pattern  is 
th*.t  it  10  represent  a  linear  function 

which  undergoes  saturation  at  higher  signal 
intensities  The  lower  segment  of  the  curve 
IS  linear  and  has  a  slope  of  about  6'«  increase 
in  disci  imination  score  per  decibel  increase  in 
presentation  level  This  linear  segment  ter¬ 
minates  at  sensation  levels  of  about  9  db,  where 
discrimination  scores  approach  80* »  The  up¬ 
per  portion  of  the  function  is  a  curvilinear 
progression  wherein  scores  improve  less  and 
less  per  decibel  of  stimulus  elevation  until  an 
asymptote,  char.,  tenzed  by  almost  perfect  dis- 
crimi".'ition,  Is  reached  This  asymptotic  re¬ 
sponse  is  achieved  when  the  presentation  has 
^  y^nsation  level  of  f24  db 

The  foregoing  features  exhibit  themselves 


in  another  guise  when  one  considers  the 
variability  of  scores  at  different  presentation 
levels  This  variability  was  found  to  be  large 
within  the  linear  portions  of  the  function. 
Varu»bilit'  decreased  progressively  and  dra¬ 
matically  once  the  level  was  high  enough  to 
saturate  the  performance  with  correct  re- 
sjxmses  The  situation  is  exemplified  by  ttie 
average  deviations  reported  in  tables  I  and  II 
At  sensation  levels  of  0  db  and  -f8  db,  which 
he  below  the  threshold  of  saturation,  the 
average  deviations  range  from  7  5  to  11  5'{ 
At  the  t-16  db  sensation  level,  which  is  at  the 
point  of  partial  "aituration,  the  average  devia¬ 
tion  drops  to  4  1  or  less  As  the  asymptote  is 
approached— 1  c  ,  at  +24  db  sensation  level — 
the  average  deviations  become  so  small  that 
they  are  less  than  I'i  At  this  point,  varia¬ 
bility  ainong  scores  for  normal  t^earing  subjects 
IS  undoubtedly  assignable  to  occasional  errors 
due  to  lack  of  attention  and  other  secondary 

factors 

Although,  as  previously  stre'-sed,  the  gen¬ 
eral  shape  of  the  articulation  function  did  not 
change  from  list  '  to  list  II  r.or  from  test  to 
retest,  minor  differences  did  appear  in  con¬ 
sequence  of  both  variables  Before  discussing 
these  effects  m  detail,  how’ever,  it  is  desirable 
to  note  how,  if  at  all,  the  basic  pattern  of  the 
articulation  function  for  N  U  Auditory  Test 
No  4  was  modified  when  the  test  was  ad- 
mini>tered  to  the  subjects  with  conductive  loss 
and  to  the  subjects  with  sensorineural  loss 

Articulation  functions  for  subjects  with 
conductive  hearing  loss 

Tables  VI  and  VII  report  the  mediars, 
means,  and  average  deviations  of  the  dis¬ 
crimination  scores  yieldetl  by  the  16  subjects 
with  conductive  loss  employed  in  the  present 
alu  'y  Figure  2  plots  the  four  articulation 
functions  derived  from  these  means  and  thus 
summarizes  performance  on  t;.iui  list  during 
^ch  experimental  session 

T*'e  most  noteworthy  observation  to  be 
made  regarding  these  data  is  that  they  dupli¬ 
cate  very  closely  the  picture  yielded  by  normal 
hearing  subjects  Each  of  the  four  functions 
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TABLE  VI 

Discnmwdtton  ^eore^  obtained  u'lth  N  U  Avditory  Test  No  i  for  subject \ 
u'tth  coTtdufttve  kean/tg  losses  during  first  session  (scores  repnsent 
percent  of  items  correcth/  repeated) 
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TABLE  VII 

Discnminatior  scores  obtained  with  N.  U  Auditory  Tes*  No  4  for  sub,ects 
u'tth  couductu'e  hearing  losses  during  retest  session  (scores  represent 
pe^'Cent  of  items  correctly  repeated) 


Sensition  level 
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exhibits  the  configuration  of  a  linear  function 
which  reaches  saturation  Moreover,  the  re¬ 
sults  at  each  sensation  level  are  numerically 
very  close  for  the  two  groups  True,  the 
conductives  show  slightly  greater  discrepancy 
between  functions  from  test  to  retest  and  from 
list  I  to  list  II.  Also,  as  gaged  by  the  average 
ileviations,  the  homogeneity  of  responses  at  a 
given  sensation  level  was  shgr.tL  poorer  for 
the  subjects  with  conductive  loss,  but,  aj^in. 
average  deviation  v  are  restricted  sharply  as 
the  saturation  region  is  mvadeil  Again,  too, 
the  slope  of  the  linear  sejmtent  of  each  function 
IS  nearly  6  <  per  decibel  change  in  presentation 
level 


Articulation  functions  for  subjects  with 
sensorineural  loss 

Tables  VIII  and  IX,  plus  figure  3,  sum¬ 
marize  the  results  for  subjects  with  sensori¬ 
neural  loss  One  notes  immediately  that  these 
data  have  two  close  parallels  with  the  data  for 
the  other  tv  o  groups  of  subjects  and  two  major 
discrepancies  therefrom 

As  was  true  for  the  other  two  groups,  the 
four  sets  of  data  for  sensorineural  subjects 
agree  with  one*  another  closelv  True,  they 
deviate  slightly  m  the  absolve  values  involved, 
but  thev  yield  articulation  function’  which 
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A/«in  artt«u{a(ion  funelimt  yttldtd  hy  tmdueltve- 
h*t  (rroup  for  luU  I  and  11  dunng  both  te$t  and  uMt 


are  highly  equivalent  to  one  another  in  shape 
and  location  on  the  chart.  Thus,  any  one  of 
the  four  configurations  is  characteristic  of  the 
relationship  between  increase  in  presentation 
level  and  improvement  in  phonemic  discrimina* 
tior  which  this  group  exhibits 

The  second  feature  of  similarity  is  that, 
again,  the  pattern  bespeaks  a  saturation  curve 
In  this  i:  stance,  the  linear  segment  continues 
up  to  the  point  where  the  mean  discrimination 
score  is  about  ♦he  contour  being  non¬ 

linear  thereafter 

The  first  discrepancy  from  findings  with 
normal  hearers  and  cases  with  conductive  loss 
IS  that  the  articulation  functions  for  sensori¬ 
neural  cases  are  much  more  gradual  in  slope 
and  the  transition  to  nonlinearity  occurs  at  a 
lower  mean  discrimination  score  In  conse¬ 
quence  of  these  two  features,  the  nonlinear 
upper  segments  of  these  functions  do  not  flat¬ 
ten  off  to  full  saturation  within  the  range  of 
presentation  levels  employed  m  the  present 
study  Mean  discrimination  scores  at  the  +40 
sensation  level  are  approximately  929<,  and 
it  appears  likely  from  the  contours  of  the  four 
functions  that  the  saturation  asymptote  would 
be  reached  at  a  mean  discrimination  score  of 
95'i  or  slightly  less  (fig  3) 


Discrimination  s^'ores  obtamed  H'tth  N  V  Auditory  Test  No  ^  for  s»b}eri'i 
ivitk  sensonneurol  hearing  losses  dunng  first  session  (scores  represent 
percent  of  items  correctly  repeated,) 
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M<an  ailic'fatifiM  fniiftnmi  y.t'ihd  b/  ^rn^ori- 
iirioal  fill"  /ivf«  I  titii  ll  ditrim  htith  fr^t  attd 


The  >econ<l  unique  f<wture  of  the  sensori« 
neunil  jrroup  I'l  that  its  discnmination  scores 
were  muih  more  %anable  at  a  ft^ven  picsenta 
tien  le\e}  th^r.  vseie  th^se  of  the  other  ivso 
Rioups  This  frtct  Is  revealed  bv  the  aNerajte 
tlcMations  which  were  appreciablj  greater  for 
the  >ensoriR«.ural  subjects  at  most  presentation 
le\els  ObMouslv.  these  results  indicate  that 
the  sensorineural  subjects  were  a  less  homo¬ 
geneous  jtroup  m  their  behavior  than  were 
either  the  normal  hearers  or  the  subjects  with 
conductive  loss  seen  m  this  stud\  This  fact 
is  at  least  jwrtially  resjxinsibl''  for  the  more 
tmadual  slope  to  the  articulation  function  ot 
the  sensorineural  Rroup 

Comparison  of  articulation  functions 
for  the  three  groups 

The  p.irallelism  and  ecjuivalence  in  functions 
for  noimals  anil  conduitnes  is  so  Kieal  lh.it 
it  appears  full\  justifi.ible  to  accept  .i  londjina- 
tioii  of  the  data  foi  thc'e  two  groups  as  the 
b.iMs  for  a  Keneralized  description  ol  the  ar¬ 
ticulation  function  characterizinjr  N  L'  Aud. 
toi\  Test  Xo  4  This  description  is  jt:  en 
Kraphicailv  as  cure  A  in  future  4,  whch 
averajres  all  scores  for  these  32  subjects  as 
lesleil  with  both  lists  durinjt  the  two  expen- 
mental  sessions  This  composite  function 
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PIC  USE  4 

Mean  artiCHlcittoTi  /vwctivhs  for  NU  Auditori/  Tett  So  i  denied  by 
averaging  te*t  and  reiett  data  •■'•fA  lutt 


stands  as  the  best  estimate  from  present  data 
of  the  relation  to  be  expected  when  using  N  U. 
Auditory  Test  No  4  if  the  subject’s  capacity 
for  phonemic  dis^  “immation  is  not  defective, 
albeit  he  may  exhibit  hypoacousis  The  salient 
features  of  this  function  are  that  the  slope  of 
its  linear  segment  is  5  per  decibel,  that  no 
evidence  of  saturation  appears  until  the  dis¬ 


crimination  score  approaches  757c>  und  that 
saturation  is  virtually  complete  at  the  4-24  db 
sensation  level. 

It  IS  against  this  frame  of  reference  that 
one  should  evaluate  the  articulation  function 
for  N  U  Auditory  Test  No  4  as  yelded  by 
the  16  subjects  with  sensorneural  loss  This 
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comparison  lequires  averaging  this  group's 
scores  for  both  lists  and  for  the  two  test  ses¬ 
sions,  as  has  been  done  in  order  to  derive 
curve  B  of  figure  4 

The  relations  reviewed  earlier  stand  out 
sharply  when  one  compares  the  two  curves  in 
figure  4  These  two  curves  clearly  belong  to 
the  same  family,  but  the  curve  for  senson- 
neurals  is  chara<.terized  by  a  linear  segment 
with  more  gradual  slope  (3'a  per  decibel  as 
opposed  to  5  6'«  per  decibel)  Moreover,  the 
transition  to  nonlinearity  occurs  with  a  lower 
mean  discrimination  score  for  the  sensori- 
reurals  (about  6570  than  for  the  other  two 
t>pea  of  subjects  (about  7570  These  two 
features  combine  to  yield  a  curve  for  sensori- 
neurais  which  does  not  achieve  full  saturation — 
1  e ,  reach  its  asymptote,  even  at  a  presenta¬ 
tion  len^el  of  -)-40  db  sensation  level  This  lat¬ 
ter  level  IS  16  db  greater  than  the  h24  db 
sensation  level  at  whicn  the  curve  for  the  other 
two  groups  exhibits  full  saturation.  A  final 
^i’fference  involves  the  discrimination  scores 
associated  with  the  plateau,  or  asymptote  of 
saturation  Ruling  out  occasional  chance  er¬ 
rors  due  to  factors  such  as  lapses  of  attention 
normal  hearers  and  subjects  with  conductive 
loss  were  capable  of  achieving  perfect  dis¬ 
crimination  scores  so  that  the  asympt.*e  for 
their  mean  function  is  essentially  at  100*'o 
Although  the  mean  asymptote  for  the  sensori¬ 
neural  group  was  not  reached  m  the  present 
study,  extrapolation  of  curve  B  in  figure  4 
suggests  that  it  would  not  have  been  found 
to  exceed  94  or  95  7<.  This  observation  is  not 
an  unexpected  finding  in  view  of  the  demon¬ 
strated  clinical  fact  that  some  sensonneurals 
do  not  achieve  perfect  phonemic  discrimination 
at  any  level  of  word  presentation  Actually,  it 
is  rather  astonishing  that  the  mean  discrimina¬ 
tion  at  high  levels  for  this  group  is  as  good  as 
It  was  found  to  be  Clearly,  the  group  exempli¬ 
fied  sensorineural  hypoacousis  uncontaminated 
by  dysacousic  factors  which  would  have  in¬ 
dependently  disturbed  phonemic  discrimination 

The  relationships  illustrated  in  figure  4, 
and  just  discussed,  have  particular  importance 
insofar  as  they  bear  on  the  purposes  for  which 
N.U  Auditory  Test  No.  4  was  developed :  name¬ 


ly,  to  achieve  a  test  of  phonemic  discriminaticn 
w’hich  would  be  useful  in  determining  the  slope 
of  a  person's  articulation  function.  They  reveal 
that  N.U  Auditory  Test  No.  4  satisfies  the 
two  requirements  which  such  a  test  must  pos- 
se.ss  First,  it  must  incorporate  an  articulauon 
function  whose  slope  is  linear  over  a  substantial 
segment  of  its  course,  so  that  the  value  of  the 
slope  may  be  measured  with  reasonable  preci¬ 
sion  Second,  the  degree  of  the  slope  must 
vary  from  one  type  of  subject  to  another  since 
there  wou>d  be  no  reason  for  undertaking  to 
measure  the  slope  of  the  articulation  function 
if  it  were  invariant  from  person  to  person 

Before  one  proceeds  to  use  N  U  Auditory 
Test  No  4,  however,  he  must  know  whether 
its  two  parent  lists  are  acceptably  equivalent 
to  one  another  and  whether  unfortunate  prac¬ 
tice  effects  accrue  as  the  lists  are  repeated 
The  assessment  of  these  two  factors,  as  re¬ 
vealed  by  the  data  already  described,  con¬ 
stitutes  the  next  two  sections  of  thi-*  »eport 

Equivalence  of  list  I  and  list  II 

Figures  1,  2,  and  3  reveal  that  the  articula¬ 
tion  functions  for  list  II  are  displaced  slightly 
to  the  nght  of  the  functions  for  list  I  These 
displacements  suggest  that  the  two  lists  differ 
systematically  in  such  a  manner  that  list  II 
requires  slightly  greater  intensitv  than  list  I 
for  subjects  to  achieve  the  same  discrimination 
score,  particularly  throughout  the  linear  seg¬ 
ment  of  the  function  Since  this  relationship 
18  found  m  the  results  obtained  with  all  three 
types  of  subjects,  it  becomes  necessary  to 
evaluate  its  magnitude  and  significance 

Table  X  summarises  the  pertinent  facts  for 
each  group  of  '■•objects  "separately  and  for  the 
combination  ol  all  three  groups  The  table 
records  the  algebraic  means  of  differences  be¬ 
tween  discrimination  scores  for  the  two  lists 
at  each  sensation  level,  as  well  as  the  probabili¬ 
ty  associated  with  the  statistic  yielded  when 
the  sign  test  was  applied  to  the  data  for  that 
sensation  level  The  instances  in  which  these 
probabilities  were  equal  to  or  less  than  05 
for  a  two-tailed  test  are  marked  with  an 
asterisk  to  help  the  reader  evaluate  the 
significance  of  the  findings 
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TABLE  X 

Differences  between  means  of  discnminattop  scores  for  lists  I  and  II  at 
the  several  presentation  levels,  and  the  probabthty  associated  nith  each 
difference  a^  from  the  sign  test  (test  and  retest  data  combined) 
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The  relationships  which  appear  m  table  X 
are  clean  cut  The  laige-^t  differen'*es  between 
means  occurred  at  sensation  Ie\els  of  0  ano 
-f  8  db  for  normal  hearing  and  conductive  loss 
?ses  The  sensorineural  gioup  is  character¬ 
ized  by  large  differences  not  onlv  at  these  two 
sensation  l«»veis  but  also  at  +16  and  +24  db 
Tne  foregoing  relationships  present  an  inte¬ 
grated  picture  "’hen  one  remembers  that  nor¬ 
mals  and  conductives  ceased  to  show  linear 
increase  of  discrimination  scores  with  increase 
in  piesentation  level  above  +8  db  sensation 
level  and  that  sensonneurals  did  not  cease  to 
show  this  linear  increase  until  the  -i-24  db 
sensation  level  Thus,  the  sensation  levels  at 
which  large  aifferences  appeared  for  each  group 
are  the  sensation  levels  where  the  linear  re¬ 
lation  between  discrimination  score  and  in¬ 
tensity  of  presentation  was  maintained  As 
soon  as  the  presentation  became  high  enough 
to  start  evoking  saturation  responses,  the  mean 
difference  between  scores  with  the  two  lists 
decreased  to  a  verv  small  value  "P-e  relat’on- 
ship  mav  be  highlighted  in  another  way  There 
..re  ten  instances  reported  in  table  X  in  which 
the  mean  difference  between  scores  for  a 
single  group  is  greater  than  2  5'.  All  ten  are 
associatea  with  th,  linear  segment  of  an  artic¬ 
ulation  function  and  in  all  cases  the  perform¬ 
ance  was  better  on  list  I  The  sign  test  yielded 
a  probability  whirh  was  equal  to  or  less  than 
05  in  seven  of  these  instcrces  None  of  the 


differences  associated  with  levels  evoking 
saturation  responses  exceeded  8'r  and  none  of 
these  diffeicnces  was  statistically  significant 
at  confidence  levels  more  stiingent  than  10''< 
These  facts  support  the  conclusion  that  a  real 
difference  between  the  two  lists  ex.sts  hut 
that  it  is  apparent  only  when  the  level  of 
presentation  is  low  enough  to  keep  the  response 
on  the  hnear  segment  of  the  subject’s  articula¬ 
tion  function 

Thus,  oth«r  ir.ir.gs  Deing  equivalent,  the 
score  for  list  I  may  be  expected  to  be  better 
than  for  list  II  The  difference  to  be  expected, 
however  is  not  large  As  can  be  seen  in 
table  X,  the  average  difference  for  all  groups 
combined  is  only  6  0'>  at  0  db  sensation  level 
and  5  O' <  at +8  db  sensation  level  Statistical 
evaluation  of  these  d.fferences  by  means  of 
the  sign  teat  yieldfe  statistics  whose  probabili¬ 
ties  are  less  than  0003  These  results  give 
one  high  confidence  in  the  reality  of  the  dif¬ 
ference  between  h'»ts,  but  they  also  highlight 
the  fact  that  the  difference  is  not  numerically 
great  when  evaluated  in  terms  of  the  slope 
that  characterizes  the  linear  portion  of  the 
articulation  functions  This  slope,  it  will  be 
recalled,  is  5  6',.  per  decibel  for  normals  and 
conductives  and  3  0'<  for  sensonneurals 
Therefore,  the  systematic  difference  between 
lists  in  discrimination  score  is  equivalent  to 
a  displacement  of  between  one  and  two  decibels 
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i.n  the  mtensitj  scale  Expressed  thus,  the 
difference  is  no  greater  than  the  margin  of  un¬ 
certainty  which  13  associated  with  establishing 
a  speech  reception  threshold,  which  is  the  bare 
of  reference  from  'vhich  sensation  level  is 
computed 

These  findings,  plus  the  observation  that 
the  two  lists  have  articulation  functions  with 
equivalent  linear  slopes,  lead  to  the  convicti^^n 
that  the  two  lists  are  interchangeable  within 
the  margins  of  clinical  precision  These  find¬ 
ings  also  warrant  the  conclusion  that,  provided 
one  precaution  is  observed,  it  is  legitimate  to 
use  the  two  lists  in  research  designed  to 
establish  the  slopes  of  articulation  functions 
This  precaution  is  that  only  the  several 
scramblings  of  a  single  list  may  be  used  to 
define  the  slope  of  a  particular  articulation 
function  In  other  words,  the  alternate  list 
may  be  substituted  only  when  a  new  set  of 
conditions  is  mtioduced  for  which  a  new  func¬ 
tion  18  to  be  explored 

Another  way  of  assessing  the  comparability 
of  the  two  lists  IS  to  consider  the  correlations 
between  the  discrimination  scores  obtained 
with  them  lo  e"d,  c'^fficicnts  of  cvr- 
relation  were  determined  by  the  product 
moment  method  for  those  sensation  levels  ly¬ 
ing  on  the  linear  segment  of  the  articulation 
function  Use  of  this  method  seems  appropri¬ 
ate,  since  one  may  presume  that  the  scores 
encompassed  by  the  linear  segment  of  the 
articulation  function  lie  or  an  equal  interval 


scale  Table  XI  reports  these  correlations  not 
only  for  each  group  of  subjects  sepaiately,  but 
also  for  all  subjects  together  at  those  sensation 
levels  where  combining  their  results  w’as  justi¬ 
fiable 

The  general  conclusion  which  one  may  reach 
from  examining  table  XI  is  that  lists  I  and 
II  are  sufficiently  interdependent  to  warrant 
their  being  considered  as  alternate  forms  of 
a  single  exploiatory  tool  All  correlations  are 
positive  and  most  of  them  approach  or  ex¬ 
ceed  80 

On  the  whole,  tne  relationship  revealed  by 
the  coefficient  of  correlation  is  least  strong 
for  the  group  of  normal  hearers,  and  at  0  db 
sensation  level  during  the  initial  test  session  r 
IS  only  If  This  particular  correlation  may  be 
attributed  to  the  fact  that  the  normal  listeners 
used  as  subjects  were  unfamiliar  w.th  speech 
audiometry  at  the  outset  of  the  study  It  will 
be  recalled  that  0  db  sensation  level  was  the 
veiy  first  condition  used  during  the  initial 
experiment  il  session  These  subjects  ap¬ 
parently  experienced  some  uncertainty  of  re- 
2pcr.o«  uiilil  they  became  acclimated  to  the 
test  pivceduiv  i.i  consequence,  the  correlation 
duiing  the  very  first  test  condition  was  proba¬ 
bly  poorer  than  it  would  have  been  if  they  had 
been  familiar  with  the  basic  technics  of  speech 
audiometry  Confirmation  of  this  interpreta¬ 
tion  IS  found  in  two  facts  F.rst,  all  other 
coefficients  for  the  normal  group  are  higher 
‘ban  44  by  a  noteworthy  degree  Second,  the 


TABLE  XI 

Coefftoents  of  correlation  (Pearson  r)  betueen  lists  /  and  II  at  sensation 
levels  It  here  articulation  functions  i  ere  judged  to  be  linear 
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two  vets  of  data  for  the  subjects  with  hearinR 
loss  yielded  hi^h  correlation  at  0  db  sensation 
level  even  during  the  first  session  The  latter 
subjects  had  all  taken  several  discriminatior 
tests  duriTiK  earlier  c'lnical  examinat*on«  and 
•aere  familiar  before  the  experiment  staiteil 
with  the  basic  technics  of  speech  audiometrv 

It  still  must  be  reiterated,  however,  that 
normals  also  tended  to  exhibit  shjrhtly  lowe. 
correlations  between  lists  under  the  other  test 
conditions  than  did  the  other  two  jrroups  At 
-4  db  sensation  level,  for  example,  r  =  71  for 
normals  and  90  and  78,  respectively,  for  con- 
ductives  and  sensorineurals  This  trend  is 
probably  evidence  that  skill  in  phonemic  dis- 
crin-ination  itself  was  more  homogeneous  in 
the  normal  hearers  under  study,  so  tha»,  in 
their  case,  chance  factors  exerted  a  greater 
relat  ve  influence  on  the  statistical  out<i)me 
The  importance  of  this  observation  is  that 
when  the  transition  to  the  testing  of  subjects 
w.th  hearing  loss  is  made,  the  »elat*onship  to 
i'„  expected  between  the  two  lists  »s  enhanced 
This  situation  increases  the  confidence  with 
which  these  maternds  may  be  used  as  alternate 
forms  when  carrving  on  discrimination  testing 

In  conclusion  and  summary,  it  is  pertinent 
to  point  out  that  for  all  three  groups  combined, 
the  coefficients  of  correlation  were  84  at 
-4  db.  77  and  85  at  0  db.  and  92  and  98 
at  f  8  db  sensation  level  These  results  allow 
one  to  consider  lists  I  and  II  of  N  U  Auddorv 
Test  No  4  as  highly  equivalent  when  used  to 
explore  phonemic  discrimination  along  the 
linear  segment  of  the  «riiculation  function 

Test-reteht  relationships 

Comparison  of  the  results  for  the  first  ses- 
Sion  with  those  obtained  durmg  the  second  ses¬ 
sion  reveals  two  rel«tionships  of  impoitance 
First,  discrimination  scores  improved  slighllv 
daring  the  second  session  as  gaged  by  the 
means  cf  scores  obtained  at  sensation  leve’s 
w’here  the  articu'  i^ion  function  was  linear 
Second,  test-rctest  reliability  was  good 

In  considering  the  first  of  these  relations, 
u  is  not  possible  to  say  whether  the  prime  rea¬ 
son  for  the  improvement  which  occurretl  in 


mean  discrimination  obti.ned  during  the  second 
session  was  practice  per  sc  or  was  familiariza¬ 
tion  with  items  in  the  test  lists  Table  XII 
presents  the  facts,  however,  which  allow  one  to 
evaluate  the  magnitude  and  statistical  signifi¬ 
cance  of  the  change  at  the  five  sensation  levels 
employed  during  both  sessions  Mean  discrimi¬ 
nation  scores  for  normal  hearers  anti  for  the 
subjects  with  conductive  loss  improved  during 
the  second  session  at  sensation  levels  of  0  and 
4-8  db  by  amounts  which  ranged  from  8  2  to 
6  3‘i  Bv  contrast,  improvements  were  less 
than2‘.'  at  the +16  db  and  less  than  1"'  at  the 
4  24  and  1  82  db  sensation  levels  Results  for 
the  sensorineural  group  were  somewhat  dif¬ 
ferent  The  largest  shifts,  ranging  from  2  9  to 
68*.  occurretl  at  sensation  levels  of  +8,  fl6, 
and  4  24  do  Improvements  a*  0  and  i  32  db 
sensation  level  were  less  than  2'* 

Only  in  four  of  all  the  foregoing  instances 
did  application  of  the  sign  test  yield  st.itistics 
whose  probiibilities  were  equal  to  or  less  than 
0'>.  and  these  four  results  were  distributed 
haphaz^irdly  over  three  sensation  levels  and  the 
three  types  of  subjects  The  positiveness  of 
the  aforementioned  treml  is  gre.itiv  enhan<ed. 
however,  when  one  considers  the  (ombineil 
data  for  ai!  three  groups  Mere,  ihe  sign  test 
>ielde<l  statistics  which  were  significant  at 
the  0002,  002,  and  005  levels  of  confidence  at 
sciis.:tion  levels  of  -4.  0.  and  t  8  db.  respec- 
tivelv  Of  course,  il  mu\t  also  w  noted  that 
the  mean  improvement  on  the  letest  w,ts  les> 
than  5'.  in  each  of  these  three  instances  The 
mean  shifts  in  score  for  the  -i-24  and  -r82  db 
itensation  level  were  very  'mall  and  the 
probabilities  associated  vvith  thc.se  differences 
were  greater  tlan  10  m  each  case 

One  may  reason  from  these  results  that  the 
effects  of  practice  and  familiarny  did  not  con- 
.stitute  major  contaminants  to  discrimination 
scores  at  least  within  the  range  of  the  ex¬ 
posures  employed  in  the  present  studv  The 
mean  changes  obscrveil  weie  less  than  would 
have  been  caused  bv  a  one  decibel  increase  m 
presentation  level  Thus,  the  m-ignitude  of 
the  observed  shift  is  not  sufficient  to  ilestrov 
one’s  confidence  in  the  discrimination  score 
obtained  when  a  particular  scrambling  of  either 
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Ihfferencfs  bctw  <w  mtang  of  discnmmahon  jcorcs  for  (k‘>  test  condition 
and  those  for  the  retest  eondihon  at  the  several  presentation  levels,  and 
the  probabiMif  associated  u'lth  each  dif'erencc  as  derived  from  the  sign 
test  (data  for  lists  I  and  1 1  lomhined) 


l\[>  InauffKiMK  njn‘><r  <  t  Mtm, 


Coefficients  of  correlation  (Pearson  r)  between  test  and  retest  at  sensation 
Uvels  where  articulation  functions  were  judged  to  he  linear 


list  mu-^t  be  u.sed  a  second  litiic  U  al^  s^ms 
proper  to  conclude  that  a  sequence  of  repeti- 
iions  of  N  U  Auditory  Test  No  4  at  progree* 
sively  higher  presentation  levels  may  safely  be 
used  in  future  experimentation  without  fear 
ot  inducing  major  shifts  in  the  discnmination 
scoie  bcc<lU^e  exposures  ute  u'liiuluttve,  piv 
vided  the  amount  of  exposure  does  not  exceed 
that  employed  in  the  present  study  This  con¬ 
clusion,  of  course,  presumes  that  the  several 
r..ndomizations  of  the  hats  uill  be  used,  since  it 
IS  not  safe  to  assume  that  the  relations  vsoald 
remain  as  here  described  if  the  ivord  order 
were  not  being  alt  rctl  from  one  presentation 
to  the  next 


of  the  coefficients  of  correlation  between  test 
s-’ores  and  the  retest  scores  Table  XIII  re¬ 
ports  these  coefficients  for  each  group  of  sub¬ 
jects,  for  each  list  separately,  and  at  the 
several  sensation  levels  below  the  region  of 
s.uuration 


The  question  as  to  the  reliability  of  lists  I 
and  II  IS  best  approached  through  evamimition 


The  picture  which  emerges  is  gratifying 
All  coefficients  for  sejwrate  groups  of  suojecls 
are  positive.  The  lowest  coefficient  to  emerge 
is  40  for  list  II  administered  to  normals  at  the 
0  db  sensation  level  The  other  coefficents  for 
the  several  groups  of  subjects  ranged  upward 
to  86  for  the  sensormeuraL  at  the  i  8  db 
sensation  level  on  the  retest  Moreover,  when 
the  data  for  all  three  groups  were  combined, 
the  coefficients  of  correlation  between 
ami  retest  were  found  to  I'e  65  and  .91  at 
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0  (it)  and  db  sensation  levels,  respectively 
The  various  values  reported  m  table  XIII  are 
of  the  order  of  magt.ttude  which  w  generally 
Considered  to  indKate  y'ood  test-retest  rehab.li- 
tv  One  mav  therefore  conclude  that  m  tliis 
respect,  too,  N  U  Auditory  Test  No  4  has 
revealed  satisfactory  stability 

Other  relationships  of  interest 

A  variety  of  other  relationships  may  be 
observ  ed  in  the  data  at  hand  Two  of  these  are 
.vorthv  of  brief  discussion 

The  first  of  these  is  the  effect  exeited  bv 
•subject  sophistication  As  pointed  out  earlier, 
phonemic  ais^nmination  improves  slightly  vith 
exposure  to  lest  materials,  and  list  I  yields 
siightlv  higher  discrimination  scores  than 
•ist  II  One  would  have  expected  these  two 
effects  to  have  accumulated  p.«rticularly  un¬ 
favorably  when  list  II  wa'-  the  first  test  given 
to  audiologicalh  naive  subjects  Convensely, 
‘he  two  effects  should  have  tended  to  cancel 
one  another  when  the  opposite  order  of  pres¬ 
entation  was  emploved  Such  an  outcome  oc¬ 
curred  with  the  normal  hearing  subjects 
These  people,  it  will  be  recalled,  lackH  prior 
experience  with  speech  audiometrv  The  eight 
iioi.aals  w*'o  received  list  II  first  at  0  db  sensa¬ 
tion  level  in  the  initial  session  averaged  12  0'« 


poorer  on  this  list  than  on  list  I  The  remain¬ 
ing  eight  noiiiials  averaged  1  5'c  better  on 
li-^t  II,  which  they  heard  after  having  been 
f.imiharized  with  the  testing  technic  through 
Use  of  list  1  Ev  idence  of  similar  interaction 
between  familiarization  and  test  list  la  apparent 
to  a  lesser  degree  at  other  levels  and  with  the 
other  groups  of  subjects  The  practical  im¬ 
plication  of  this  ob:»ervation  for  the  clinician  is 
that  the  minor  differences  ni  the  difficulty  of 
the  two  lists  can  be  largely  counteraclc-d  by 
using  list  I  in  the  initial  stages  of  an  explora¬ 
tion  and  by  re''erving  list  II  for  the  final  stages 

A  second  observation  is  that  individual  dif¬ 
ferences  in  subject  response  appealed  This 
trend  is  revealed  by  the  fact  that  discrimina¬ 
tion  scores  for  each  group  of  subjects  tended 
toahgn  themselves  similarly  at  different  sensa¬ 
tion  levels  encompassed  m  the  linear  segmeri- 
of  the  articulation  function  This  fact  is  clearly 
t^’e  coefficents  of  correlation 
wlnth  emerged  when  adjacent  presenlation 
levels  for  the  several  lists  and  the  seveial 
groups  oi  subjects  are  considered  These  co¬ 
efficients  are  reported  in  table  XIV  One  notes 
that  the  coefficients  are  all  positive  and  that 
they  range  irom  50  to  91  Values  of  this 
magnitude  indicate  that  systematic  individual 
diffe)en<-es  are  incorporaieu  in  the  data  undei 
study 


TABLE  XIV 

Cmfficteyits  of  cotrelahon  (Pearson  r)  bctweeyi  adjacent  ptescntatiov 
Ictels  but  restricted  to  consideration  of  sensation  Icicls  whete  articidation 
functions  uere  jxo^ged  to  be  Unea) 
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One  faitor  whith  mdovbledly  (ontllbute^ 
i(j  thche  ^\^tenl.ltn.  irJtVKtual  differences  is 
that  niihut  error''  «f  measn  '»nent  could  not 
help  but  be  in\oJ\e<l  in  deleiminintr  the  SRT’*- 
for  the  \ar}on<5  -tubjects  These  SRT’s,  in  turn, 
became  the  b.»ses  from  which  the  sens.ition 
le\els  for  presenlinj*'  the  N  U  natenals  were 
specified  To  illustiatc,  two  persons  with 
identual  articulation  functions  would  tend  to 
re\eai  s\stematic  di^pLcements  between  their 
‘b'Oriminnt.on  scores  if  their  tests  were  not 
adninistered  from  identical  sensation  levels 
because  their  SRT’s  had  not  been  specified  with 
complete  accuracv 

This  favtvr.  while  undoubtedly  involved  in 
tne  results  reported  in  table  XIV,  is  not  the 
onl\  onehavmiran  influence  The  coefficients 
of  correlation  for  test»rc;cst  comparisons  offer 
clear  evidence  tnat  tnie  variation  in  ability  to 
make  phonemic  distinctions  also  appeared  with- 
'll  each  of  the  three  irroups  of  subjects 
{^tble  MID  The  f/ct  th«t  these  coirelations 
aie  .1.1  positive  a^d  are  relativelv  nipn  does 
•nore  than  sive  one  confidence  m  the  re- 
ii.ibilitv  of  .N  L  Auditorv  Test  No  4  Results 
of  this  kind  could  have  occurred  onl>  if  each 
Kroup  tested  aKo  in«  hided  a  ran^re  •»f 

abilities  to  allow  par.i'lehsni  between  scores 
obt.uned  n  the  two  test  sessions  to  appe.vr 
Clearlv,  the  correlations  reported  in  table  XIII 
would  not  be  expected  to  have  resulted  purel> 
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from  inaccuracies  in  estimatinR  the  SRT’.s  foi 
the  two  sessions,  since  errors  of  measurement 
foi  these  SRT’s  would  not  be  expected  to  be 
aliKned  in  the  same  order  in  the  tw’o  instances 

4.  CONCLllSION 

The  foregoing  discussions  lead  one  to  be¬ 
lieve  that  NU  Auditory  Te>t  No  4  is  a  valu¬ 
able  addition  to  the  array  of  materials  available 
for  measurement  of  phonemic  discrimination 
I’crsons  with  normal  hearing,  with  conductive 
losses,  and  with  sensorineural  losses  (con¬ 
sidered  both  as  separate  groups  and  in  the 
compo^lte)  .vielded  results  with  this  test  which 
allow  one  to  state  that  list  I  and  list  II  are 
closely  equivalent  foims  Doth  lists  have  good 
reliability  .is  gaged  by  correlations  obtained 
when  test  and  retest  data  were  compared  Dif¬ 
ferences  between  the  two  lists  and  familiarity 
with  the  test  materials  exerted  onlv  second- 
order  influences  on  discrimination  scores  Sys¬ 
tematic  diffeiciice'c  among  individual  subjects 
appeared  m  all  three  groups  under  study 
These  differences  are  most  clearly  apparent 
when  lists  are  administered  at  -ensation  levels 
where  discrimination  score.s  ai*^  linearly  related 
to  signal  intensity  Hence.  N  U  Auditory 
Test  No  4  appears  to  be  a  particularly  promis¬ 
ing  Icol  for  determining  the  slope  of  the  linear 
porlnm  of  an  individual’s  articulation  function 
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Sew  Voik  Van  \os  land  1371. 


Ill'  III'  II  V  lih'initii  ilK  litlani.<.d  ti 't  »f 
''|•lllh  lii'i I iinin  itiii*)  fill  (.hildiin  M't'ti*!'' 
rhis.'  \i>rthvn  sl< '•n  I  mviTMtx'  r*l'' 

‘iii'h  I  I  il  haM'  s  K  Siivinuan.  <• 
Loxniili*'  I  h  I  Idt'  (iia  li  lUnvn 
n>int  of  mitiiiil'  foi  'luxth  aiidionutiv 
J  SjKii'’  H«aiin;r  I)i'  IT  ‘il  ‘57 

/••ifi*  I  \iidio|i,j.'i  al  m  iiii*'»'>t«‘ion'  of  k'lm' 
in  Ihi.  iudtt>i\  ni'xou'  NX'tini  I  u\ni;<>'i.o|K 
To  117  1 

'ilii'ti  I  ind  <•  ^  I'lUi'on  I  inirui'tu  ioii 
'idiia'im'  in  thi.  'tui  *  'Iiiih  intxllitritnlitv 
)  \.on't  s.K  \m<i  51  iM*  i^n  <l‘'VO 

•  •{  S  and  M  Doiidni  Miuituiil  aiialxM' 

»f  \M)id  U'i>oi,v»'  inadi  b\  Kii  1  of  iKaiinc  syl> 
M  '  on  a  di'  linin’ iti<n  ti'l  \MA  Auh 
Oiohixnir  7«i  l*M  5*-l  <r»VM 


10  IVtii'oii,  (J  h  mill  7.r’'U  HiM'fdlSl  li«.ts 
foi  auditorv  •  .1'  I  SjhilIi  Hiaiink'  Di'  i" 
f.J-7<» 

57  Sihoiman  S  15  mo  i  I'li'h  Piohlfm'  iclatcd 
to  t>i<  (I'c  of  {»  ii  h  111  I  lmua‘ ^uJ'i>nut]  X  Ann 
<Jto]  01  li51-l’-l'.  (107')) 

Ih  "'‘horndilif  F  1  and  I  loit'i  Tht-  tf’aihcr’' 
Wold  111  <>K  of  wold'  \iw  ^  ork  (  olum 

Ilia  I  niM  i'ltx  T- aihti' (  olli}.t 

19  \tUiin'  Adminwtiatiiin  UatinK  of  iiisabilitx 
film  la'iiinL  imj'ainiunt-  tv  -''n  Ji-H. 
Vhtdulc  f‘/i  1  itinv  d''aliilit't''  td  Wash 
inirton  Jit'  afi'  Adimi'i»t  ation  1‘«'0 

i«  Wal'fi  T  i  .  and  S  15  Silxiiman  I).a>;no«is  and 
txaluition  in  ftristralnm  1  aivntrogiore  70* 
'.50  ',57  (1910! 


